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7KLV SDSHU GHVFULEHV WKH GHVLJQ YDOLGDWLRQ DQGSURWRW\SLQJ RI D OLJKWZHLJKW FUDVKZRUWK\ UDLO YHKLFOH GULYHU¶V FDE
XVLQJ DGYDQFHG FRPSRVLWH VDQGZLFK PDWHULDOV %\ H[SORLWLQJ WKH OLJKWZHLJKWLQJ HQHUJ\ DEVRUSWLRQ DQG GHVLJQ







:LWKLQ WKH UDLO LQGXVWU\ OLJKWZHLJKWLQJ LV EHFRPLQJ DQ LQFUHDVLQJO\ LPSRUWDQW WRSLF5HFHQW VWXGLHV
HJ)RUGKDYHLQGLFDWHGWKDWWUDLQVKDYHJHQHUDOO\EHFRPHKHDYLHURYHUWKHODVWWKLUW\\HDUV:KLOVW
WKHVH LQFUHDVHV LQ YHKLFOH PDVV FDQ RIWHQ EH DWWULEXWHG WR HQKDQFHG SDVVHQJHU HQYLURQPHQWV HJ WKH
SURYLVLRQRIDLUFRQGLWLRQLQJLPSURYHGDFFHVVLELOLW\FUDVKZRUWKLQHVVHWFWKHUHDUHFOHDUO\XQGHVLUDEOH
VLGHHIIHFWV RI KHDYLHU WUDLQV (YHU\WKLQJ HOVH EHLQJ HTXDO D KHDYLHU YHKLFOH ZLOO FRQVXPH PRUH






Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.




IRU LQIUDVWUXFWXUH PDLQWHQDQFH DQG UHQHZDO ,Q VRPH FRXQWULHV KHDYLHU WUDLQV DOVR DWWUDFW KLJKHU WUDFN
DFFHVVFKDUJHVIRURSHUDWRUV
$VSDUWRI WKH(XURSHDQ&RPPLVVLRQVXSSRUWHG'(/,*+77UDQVSRUWSURMHFW1HZ5DLO%RPEDUGLHU
7UDQVSRUWDWLRQ DQG $3	0 FROODERUDWHG RQ WKH GHVLJQ GHYHORSPHQW DQG SURWRW\SLQJ RI DQ LQQRYDWLYH






PXVW PHHW D ZLGH UDQJH RI GHPDQGV LQFOXGLQJ SURRI ORDGLQJV FUDVKZRUWKLQHVV PLVVLOH SURWHFWLRQ
DHURG\QDPLFV DQG LQVXODWLRQ $VVHPEO\ FRVWV DUH KLJK DQG WKHUH LV OLWWOH LQ WKH ZD\ RI IXQFWLRQDO
LQWHJUDWLRQ
%\ FRQWUDVW ZLWK WKH QH[W JHQHUDWLRQ FDE GHVFULEHG LQ WKLV SDSHU WKH LQWHQWLRQ ZDV WR H[SORLW WKH
RSSRUWXQLWLHVIRUGHVLJQLQWHJUDWLRQWKDWDUHDIIRUGHGE\VDQGZLFKPDWHULDOWHFKQRORJ\LQRUGHUWRSURGXFH
D OLJKWZHLJKW FRQVWUXFWLRQ LQZKLFK WKH VWUXFWXUDO FUDVK DHURG\QDPLF DQG LQVXODWLYH IXQFWLRQDOLWLHV DUH
UHDOLVHGLQDVLQJOHLQWHJUDWHGSDFNDJH)LJ
7KH EDVLV IRU WKH OLJKWZHLJKW FDE GHVLJQ QDPHG ³'&$%´ ZDV %RPEDUGLHU¶V 63$&,80 2
FRPPXWHUWUDLQ)LJ7KLVFXUUHQWO\IHDWXUHVDFRQYHQWLRQDOFDEDVVHPEO\FRQVLVWLQJRIDVWHHOSULPDU\
VWUXFWXUHVWHHOHQHUJ\DEVRUEHUVDQGDWKLQQRQVWUXFWXUDOILEUHJODVVVKHOO7KHREMHFWLYHIRU'&$%ZDV















$Q LPSRUWDQW IHDWXUH RI '&$%¶V QRYHO GHVLJQ LV WKH DGYDQFHG VDQGZLFK PDWHULDO FRQVWUXFWLRQ
HPSOR\HG6DQGZLFKPDWHULDOVW\SLFDOO\FRQVLVWRIWZRUHODWLYHO\WKLQVWLIIIDFLQJVERQGHGHLWKHUVLGHRID
WKLFNHU ORZHUGHQVLW\ FRUHPDWHULDO RU VWUXFWXUH6XFK DVVHPEOLHV KDYH DQXPEHURI FKDUDFWHULVWLFV WKDW
PDNH WKHPDWWUDFWLYH IRUDSSOLFDWLRQV LQ WUDQVSRUW7KHLUKLJKPDVV VSHFLILF VWLIIQHVVDQGVWUHQJWKPHDQ
WKDW WKH\ DUH D JRRG HQDEOLQJ WHFKQRORJ\ IRU OLJKWZHLJKWLQJ OHDGLQJ WR LPSURYHG SHUIRUPDQFH DQGRU
ORZHUOLIHF\FOHFRVWV6DQGZLFKPDWHULDOVDOVRSURYLGHRSSRUWXQLWLHVIRUGHVLJQLQWHJUDWLRQLHWKHDELOLW\




ZHOO GHPRQVWUDWHG LQ RWKHU VHFWRUV +RZHYHU WKH UHODWLYHO\ KLJK FRVW RI VWUXFWXUDO FRPSRVLWHV KDV
SUHFOXGHG WKHLU ZLGHVSUHDG XVH LQ UDLO YHKLFOH DSSOLFDWLRQV %\ IRFXVVLQJ RQ DIIRUGDEOH UDZ PDWHULDOV
JODVVILEUHVWKHUPRVHWWLQJUHVLQVDOXPLQLXPKRQH\FRPEVDQGSRO\PHUIRDPVDQGE\FRPELQLQJWKHP
LQ D QRYHO KLJKO\ LQWHJUDWHG IDVKLRQ WKDW VLJQLILFDQWO\ UHGXFHV SDUW FRXQW '&$% LV DEOH WR
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DUHD PRVW OLNHO\ WR VXIIHU LQFLGHQWDO LQVHUYLFH GDPDJH KDV EHHQ GHVLJQHG WR EH HDVLO\ UHPRYDEOH IRU
UHSDLU RU UHSODFHPHQW 5HPRYLQJ WKH QRVH DOVR SURYLGHV HDV\ DFFHVV WR WKH SULPDU\ HQHUJ\ DEVRUELQJ
GHYLFHVIRU LQVSHFWLRQRU UHSODFHPHQWSXUSRVHV%HKLQG WKHQRVH LV WKHPDLQFUXVK]RQH WKDWKRXVHV WKH
SULPDU\ HQHUJ\ DEVRUELQJ GHYLFHV IRU FRPSOLDQFH ZLWK (1  &(1  $JDLQ WKLV LV D VHOI
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&DEGHWDLOHGGHVLJQDQGYDOLGDWLRQ
6WDWLFORDGV
7KH PDMRU VWUXFWXUDO FRPSRQHQWV RI WKH H[LVWLQJ 63$&,80 FDE DUH WZR VXEVWDQWLDO ZHOGHG VWHHO
SLOODUV7KHVHSURYLGHPXFKRIWKHFDE¶VRYHUDOOVWDWLFVWLIIQHVVDQGVWUHQJWK7KH\DOVRUHVLVWWKHFROODSVH
ORDGVRIWKHHQHUJ\DEVRUSWLRQGHYLFHV
,QSODFHRI WKHVH VWHHO SLOODUV'&$%HPSOR\V D VWUXFWXUDO FRPSRVLWH VDQGZLFKGHVLJQ+RZHYHU LW
ZDV IRXQG WKDW LWZDV QHFHVVDU\ WR VLJQLILFDQWO\ UHLQIRUFH WKH VDQGZLFK LQ WKHEXIIHU UHJLRQV DQGSLOODU
DUHDVLQRUGHUWRHQVXUHWKDWLWZDVVXIILFLHQWO\VWURQJWRUHVLVWWKHHQHUJ\DEVRUEHUFROODSVHORDGV)LJ
VKRZVDSLFWXUHRIWKHUHLQIRUFHGVDQGZLFKVHFWLRQV7KH³UHDFWRUV´LQWKHORZHUEXIIHUUHJLRQVFRQVLVWRI
DQ DUUD\ RI ERQGHG VTXDUHVHFWLRQ IRDP FRUHV ZUDSSHG LQ JODVV ILEUH UHLQIRUFHG SRO\PHU *)53 WR
SURGXFHDPDFURFHOOXODUVWUXFWXUH7KH³SLOODUV´DERYHWKHUHDFWRUVDOVRFRQVLVWRIDQDVVHPEO\RI*)53
DQG IRDPFRUHV(DFKYHUWLFDOFROXPQRI IRDP LQ WKHSLOODUV LV VDQGZLFKHGEHWZHHQFRQWLQXRXVYHUWLFDO
OD\HUVRI*)53WRSURGXFHDPXOWLOD\HUVDQGZLFKFRQVWUXFWLRQ

,Q RUGHU WR YDOLGDWH WKH VWUHQJWK RI WKH UHDFWRU HOHPHQWV SURWRW\SH VDPSOHV ZHUHPDQXIDFWXUHG DQG
WHVWHG)LJ7KHVHVSHFLPHQVKDGDQRYHUDOOFURVV VHFWLRQRIPP[PPDQGZHUHPP
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'&$%¶V EXIIHUOHYHO HQHUJ\ DEVRUEHUV DUH EDVHG RQ DQ DOXPLQLXP KRQH\FRPE FRQVWUXFWLRQ 7KH
DEVRUEHUV IHDWXUH D QRYHO PDWHULDO FRQILJXUDWLRQ WKDW KDV SURYHG WR EH SDUWLFXODUO\ HIIHFWLYH DW
DFFRPPRGDWLQJWKHSUREOHPDWLFPPRIIVHWRYHUULGLQJFRQGLWLRQDVVRFLDWHGZLWK&ROOLVLRQ6FHQDULR
RI(17KH HVWLPDWHGPDVV RI D VLQJOH OLJKWZHLJKW EXIIHUOHYHO HQHUJ\ DEVRUEHU LV  NJ7KLV
UHSUHVHQWVDPDVVVDYLQJRIPRUHWKDQFRPSDUHGWRWKHH[LVWLQJ63$&,80GHYLFH
)LJ  VKRZV WKH SUHGLFWHG ³EHIRUH´ DQG ³DIWHU´ FRQGLWLRQV RI WZR '&$% EXIIHUOHYHO HQHUJ\
DEVRUEHUV LQYROYHG LQ D IDFHWRIDFH FROOLVLRQ 1RWH WKH LQLWLDO  PP YHUWLFDO RIIVHW EHWZHHQ WKH WZR
GHYLFHV7KHSUHGLFWLRQZDVSURGXFHGXVLQJDQ/6'<1$QRQOLQHDUILQLWHHOHPHQWDQDO\VLV)LJVKRZV
WKH DVVRFLDWHG ORDGGLVSODFHPHQW SURILOH IRU D VLQJOH DEVRUEHU ,W FDQ EH VHHQ WKDW WKH DEVRUEHU¶V
FKDUDFWHULVWLF EHKDYLRXU LV UHDVRQDEO\ FORVH WR WKH WDUJHW UHVSRQVH DOWKRXJK WKHPHDQ FUXVKLQJ ORDG LV








IDEULFDWLRQV +RZHYHU '&$%¶V XSSHU HQHUJ\ DEVRUSWLRQ SURYLVLRQ FRQVLVWV RI D VLQJOH PXOWLOD\HU
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(YDOXDWLRQRIWKHOLJKWZHLJKWGHVLJQ







RI WKH OLJKWZHLJKW FUDVKZRUWK\ FDE GHVFULEHG LQ WKLV SDSHU DV SDUW RI WKH'(/,*+77UDQVSRUW SURMHFW
)UDPHZRUNSURMHFWQXPEHU767&7
5HIHUHQFHV
&(1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